INTRODUCTION
============

The pathogenesis of essential hypertension (EH) has not yet been clearly determined, nevertheless, it is known that a compound character is derived from a complex interaction of genetic and environmental factors. Various genes are responsible for the development of EH, but it is of a great interest to note a study of several different types of genes in the renin-angiotensin-aldosterone system:[@B1] association studies between EH and genetic variants were carried worldwide, however, the relation between these two remains controversial due to different interpretations of the results depending on different analytic groups. Such differences in results are have been suggested to be due to diversity in genetic variations influenced by different age, gender, and ethnic backgrounds.[@B2],[@B3]

The cytochrome P450, CYP, is a superfamily of cysteine-heme enzymes that regulate the oxidative metabolism of endogenous and exogenous molecules. The CYP enzymes are classified into families, sub-families and individual enzymes based on similarities in their amino acid sequence.[@B4] There are 11 different types of the CYP family categorized in the human body.[@B5] The CYP epoxygenase metabolizes arachidonic acid to epoxyeicosatrienoic acids (EETs), which are vasoactive and, affect renal sodium handling and water transport. In addition, these metabolites have been proposed to play a mechanistic role in the development of high blood pressure (BP).[@B6] Genetic variants of CYP enzymes have been identified as one of the important reasons for interindividual, interethnic and interracial differences in drug response.[@B7] Genetic polymorphisms in drug-metabolizing enzyme genes can cause enzyme variants with high, low, or no activity. Consequently, individuals can be classified into phenotypes of poor metabolizers (PM), intermediate metabolizers, extensive metabolizers (EM), or ultrarapid metabolizers.[@B8]

CYP2C exists mostly in the human liver, but the notable activation is known to be found in the walls of the digestive tracts. The CYP2Cs are an important subfamily of CYP enzymes that metabolize approximately 20% of most therapeutic drugs.[@B9] The CYP2C subfamily that exist in the human body is composed of four types of isoenzymes, *CYP2C8*, *CYP2C9*, *CYP2C18*, and *CYP2C19*, and the genes that encode these enzymes are all located in the human chromosome 10q24.[@B10] *CYP2C19* is abundantly expressed in smooth muscle cells, artery endothelial and cardiac myocytes. It is also an important enzyme responsible for EETs synthesis. The potent effects of EETs on vascular tone and renal salt and water transport indicate that they might play a key role in BP regulation.[@B11] *CYP2C19* is highly polymorphic and can cause variability in drug response. There are 19 different types of variants reported, and seven of these variants encode an inactive enzyme including *CYP2C19^\*^2*, *^\*^3*, *^\*^4*, *^\*^5*, *^\*^6*, *^\*^7* and *^\*^8* (<http://www.imm.ki.se/CYPalleles>). There are significant ethic differences in the distribution of these variants, with the PM phenotype found in 2-5% of Caucasians but in 13-23% of Asian populations.[@B12] The most frequently found defective alleles in human populations are *CYP2C19^\*^2* (rs4244285), and they exist in two different variation types, *CYP2C19^\*^2A* and *CYP2C19^\*^2B*. *CYP2C19^\*^2* accounts for 75-85% of the alleles responsible for the PM phenotype in Caucasians and East Asians, which is transmitted as an autosomal dominant recessive pattern.[@B12],[@B13] *CYP2C19^\*^2* is a defective allele that eliminates the catalytic activity on all substrates, which carries a 681G\<A single base substitute in exon 5 causing an alternate splice site consensus, thus dramatically lowering the drug metabolism.[@B14] The *CYP2C19^\*^2* allele is significantly more frequent in East Asian populations (14-39%) than among Caucasians (8-16%) and Africans (18-25%).[@B15]-[@B17] In Koreans, the frequency of *CYP2C19^\*^2* is reported to be 28%, similar to 27% in the Japanese population, but showing a large difference from the Chinese population.[@B18]

The second important PM allele is *CYP2C19^\*^3* (rs4986893), which has an adenine substituted for a guanine at base 636 (636G\>A) in exon 4, creating a premature stop codon. At the time of discovery, *CYP2C19^\*^3* variant existed only in the Japanese group, and not found in the Caucasian group but only rarely.[@B14] *CYP2C19^\*^3* is also found to be evenly distributed in East Asians; for instance, among the Chinese, Thai, Burmese, and Vietnamese populations.[@B18],[@B19] The frequency of *CYP2C19^\*^3* in the Korean population is reported to be 8%, similar to the Chinese (4.5%) and Vietnamese (5%) populations, but showed a great deal of difference from the Japanese (16%), Caucasians (0.9%) and Africans (0.6%).[@B20],[@B21]

In recent association studies of *CYP2C19* genetic polymorphism and cardiovascular disease (CVD) carried out on Caucasians, the group with *CYP2C19^\*^2/^\*^2* homozygotes demonstrated a notable increase in the level of CVD and arteriosclerosis risk indicatiors,[@B22] suggesting that *CYP2C19^\*^2* is the high risk factor related to CVD. Based on *CYP2C19^\*^2* and *CYP2C19^\*^3*, individuals can be classified as PMs (*CYP2C19^\*^2/^\*^2*, *^\*^3/^\*^3*, and *^\*^2/^\*^3*) and EMs (*CYP2C19^\*^1/^\*^1*, *^\*^1/^\*^2*, and *^\*^1/^\*^3*). Consequently, *CYP2C19* phenotypes can be predicted from the genotype combinations.[@B23]

Many studies on the *CYP2C19* gene are focused mainly on the associations of genetic polymorphisms and the drug metabolism of many different classes of commonly used drugs. To our knowledge, however, no case-control study between genetic variants of the *CYP2C19* gene and EH has been carried out. The purpose of this study was to assess the association between *CYP2C19* genetic variants and EH in Koreans. Our findings on allele and genotype distribution patterns in Koreans will serve as a guideline in the standardization of personalized therapeutic tools.

MATERIALS AND METHODS
=====================

Study subjects
--------------

Out of 2200 outpatients between the age of 20 and 65 who visited Yonsei University College of Medicine, Severance Hospital, Cardiovascular Center, Seoul, Republic of Korea, between November 2001 and February 2009 and control of people who received physical examination, we selected a study group of 1190 subjects. These consisted of 527 cases (265 males) suitable for the criteria of hypertension with sufficient clinical data and a control group of 663 (287 males), who consented to this study and to provide their blood samples. Blood pressure was measured after resting over 10 minutes, and was repeated 3 times at the interval of 5 minutes to acquire the mean blood pressure value. In this study, high blood pressure was defined as systolic blood pressure (SBP) ≥140 mm Hg or diastolic blood pressure (DBP) ≥90 mm Hg before taking the medication and the patients with the history of taking anti-hypertensive drugs were included. The participants with prehypertension status (SBP=120-189 mm Hg, and/or DBP=80-89 mm Hg), and patients with secondary hypertension, kidney dysfunction, and diabetes were excluded from this study. The control group was selected from the normal men and women who had the measured SBP \<120 mm Hg and DBP \<80 mm Hg, with no history of hypertension, diabetes, kidney dysfunction, surgical procedures related to craniovascular diseases, and coronary artery disease or the family history of these diseases. Those who showed normal electrocardiogram readings and no clinical view of enlarged heart on the chest X-ray also selected. Medical records and the surveys to verify the age, gender, smoking and drinking habits, exercise and dietary habits, and past medical history of the participants were reviewed, while their height and weight were measured to calculate the body mass index (BMI) in kg/m^2^. After measuring the BP, blood samples were taken to measure the high-density lipoprotein cholesterol, triglyceride, fasting plasma glucose, and total cholesterol (TCHO). Low density lipoprotein cholesterol (LDL-C) values were calculated using the Friedewald equation.[@B24] The haemotocrit was measured, and blood cells were frozen at -80℃ in the deep-freezer until experiment. All the participants submitted their written informed consent prior to the study. This study was approved by the local Institutional Review Board of Yonsei University College of Medicine, and was in accordance with the ethical guidelines of the Declaration of Helsinki.

Genotype determination of the *CYP2C19* gene variants
-----------------------------------------------------

Three milliliters of peripheral blood were taken with the ethylenediaminetetraacetic acid tube, and genomic DNA was extracted from the leukocyte nucleus by using the QuickGene SP kit DNA whole blood (Fujifilm Life Science, Tokyo, Japan) to analyses of the *CYP2C19^\*^2* and *CYP2C19^\*^3* polymorphisms. The DNA samples were quantitatively aliquoted to 25 ng/uL using Quant-iT double strand DNA BR Assay Kits (Invitrogen, Carlsbad, CA, USA), and each was inserted into a sample tube. A relatively simple analytic technique, TaqMan® Fluorogenic 5\' Nuclease Assay (Applied Biosystems, Foster City, CA, USA), was used to determine *CYP2C19^\*^2* and *CYP2C19^\*^3* genotypes. The polymerase chain reaction (PCR) primer sequences used to determine the genotypes were prepared as described previously.[@B25] The PCR was performed in a volume of 5 uL containing 10 ng of genomic DNA, 0.13 uL of 40X assay mix, and 2.5 uL of TaqMan® Universal PCU master mix. Real-time PCR was performed by using the ABI Prism 7900 HT Fast Real-Time PCR System (Applied Biosystems). The PCR cycling program was initiated with thermal pre-denaturation at 95℃ for 10 minutes, followed by 45 cycles of 95℃ for 15 seconds, 60℃ for 40 seconds, 72℃ for 1 minute, and a final extension at 72℃ for 10 minutes. After PCR reaction was over, the result was analysed by using the 7900 HT Sequence Detection System 2.3 software (Applied Biosystems).

Statistical analysis
--------------------

Statistical analysis of the association analysis between the *CYP2C19^\*^2* and *CYP2C19^\*^3* variants and EH was done by using SPSS 14.0 for Windows (SPSS Inc., Chicago, IL, USA). All the statistical values were shown with mean±standard deviations. Student\'s t-test was used in the continuous variable differences in hypertensive patients and healthy control subjects, and the chi-square test or the Fisher\'s exact test was used for the comparison of the nominal variable as genotype frequency. The chi-square test was used to test the significance of the Hardy-Weinberg equilibrium (HWE) of the polymorphism of the two genes in the entire data of the patient and the control groups. For the measurement of relative risk of the genotypes in two groups, gender and age were adjusted, and the multiple regression analysis was performed. The partition-ligation algorithm was used to construct the individual haplotype profile, and the HAPLO program was used for the calculation of haplotype frequency and association analysis. The statistical level of significance for all the analyzed results was defined as the *p*-value to be less than 0.05.

RESULTS
=======

The clinical characteristics of the study subjects are shown in [Table 1](#T1){ref-type="table"}. The male-female ratio of 50.47% in the patient group and 44.46% in the control group showed statistical difference. This is due to the difference in hypertensive conditions between the genders, and it can be explained by the fact that relatively large numbers of premenopausal women in the female control group are included. In both patient and control groups, all the other mean clinical values including SBP and DBP, except TCHO and LDL-C values, were different significantly from the hypertensive subjects and controls (*p*\<0.001).

Distribution of the allele and genotype frequencies of hypertensive patients and normal control subjects, with regard to *CYP2C19^\*^2* and *CYP2C19^\*^3*, are shown in [Table 2](#T2){ref-type="table"}. Genotype distributions of the two variants in the present study groups did not deviate significantly from HWE (*p*=0.916 and *p*=0.184, respectively), with very little selective bias between the two groups, and there was no genotyping error. No statistically significant differences in *CYP2C19^\*^2* (rs4244285, 681A) allele frequency were observed between hypertensive and control subjects (27.80% vs. 25.49%, *p*=0.234). Also, we found no difference in genotype frequency between hypertensive patients and controls (*p*=0.238). The *CYP2C19^\*^3* (rs4986893, 636A) defective allele is known to induce PM in the drug metabolism by producing abnormal enzymatic protein (W212X). *CYP2C19^\*^3* genotype distribution and allele frequency were significantly different between the hypertensive patient and control groups (*p*=0.013 and *p*=0.011, respectively).

Logistic regression analysis indicated that *CYP2C19^\*^3* was significantly associated with hypertension ([Table 3](#T3){ref-type="table"}). After adjustments for age and gender were made, the odds ratio (OR) of the *CYP2C19^\*^3* carriers (GA+AA) for the risk of hypertension over the wild type homozygotes (GG), was 0.691 \[95% confidence interval (CI), 0.512-0.932, *p*=0.016\] under a dominant mode of inheritance. Compared with *CYP2C19^\*^1/^\*^1* homozygotes, the *CYP2C19^\*^3* allele was associated with a 30.9% reduced risk for the development of EH. In contrast, we did not find any significant ORs for hypertension which was related to any *CYP2C19^\*^2* genotypes (*p*\>0.05). The prevalence of EH was not significantly elevated or reduced in individuals with the *CYP2C19^\*^2* (681A) carriers (*p*=0.450 in a dominant model) or 681AA genotype (*p*=0.161 in a recessive model).

DISCUSSION
==========

EH is a complex trait disease in which genetic and environmental factors play a crucial role. A number of genes are thought to be responsible for its pathogenesis and numerous genes have been investigated for an association with EH, however, with controversial findings. In addition, there is no clear elucidation of how many genes are involved in the development of EH. Biochemical and pharmacological results from animal and human studies indicate that the CYP arachidonic acid pathway plays a mechanistic role in hypertension.[@B26]-[@B28] Previous studies showed that several variants of CYP-related genes (*CYP2C8*, *2C9* and *2J2*), were found to exhibit reduced functional activity *in vitro* and represent relatively common variants, and they provide an opportunity to examine the significance of this pathway in hypertensive cases. Recently, several studies on *CYP2C19* genetic variants found significant association with cardiovascular diseases such as atherosclerosis[@B29] and coronary artery disease,[@B30] however, the role of *CYP2C19* polymorphisms in hypertension or elevated BP has not sufficiently been examined. Ma, et al.[@B31] found that hypertension is associated with the *CYP2C19* rs10509676 variant homozygote (AA genotype) and rs10509676 A-rs11568732 G haplotype is an independent genetic risk factor for hypertension in a Han Chinese population.

Our present results demonstrated *CYP2C19* genetic heterogeneity in Koreans, relative to other ethnic populations including Chinese, Japanese, Vietnamese, Thais, Caucasians and African-Americans. The frequency of the prevalent main defective allele of *CYP2C19^\*^2* in our Korean sample (26.5%) is similar to those of Thais (35.1%), Japanese (25.6%), Han Chinese (24.7%) and Vietnamese (23.6%), and was significant higher than that reported in Caucasians (11.2-16.3%) and Mexican-Americans (9.7%).[@B17],[@B22],[@B32] Whereas, intermediated frequency was found in the Mongoloid population (18.2%).[@B17] These results may indicate even sharing of the *CYP2C19^\*^2* allele among East Asian populations, and it can also be interpreted to suggest that they possess similarity in the genetic background for drug metabolism.

In this study, we observed that the frequency of the *CYP2C19^\*^3* allele had been regarded as an Asian-specific variant allele that accounted for the PM phenotype in Asian populations, which occurs rarely in Caucasians. The allele frequency of *CYP2C19^\*^3* in Koreans was 10.5%, and this frequency was similar to that of Japanese (10-15.6%), Mongolians (11.2%), Chinese Uygur (9.4%), and Chinese Kazakh (8.0%), however, relatively higher than those of Chinese Han (7.2%), Thais (5.0%), and Vietnamese (4.9%), and significantly higher than those of African-Americans (0.8%) and Caucasians (0.2%).[@B15],[@B16]

To the best of our knowledge, we are the first to report potential associations between functionally relevant *CYP2C19^\*^2* and *^\*^3* variants and EH in a relatively large Korean population (n=1190). Also, there are no such studies on any other ethnic groups for the comparison. These types of case-control studies have not so far been attempted, except for the analysis of change of pharmacological dynamic parameter of antihypertensive agents such as metoprolol (beta blocker). Our major finding in the present study was that Korean patients with EH had a lower frequency of the *CYP2C19^\*^3* variant allele than did normal controls. To verify the associations between the development or protection of hypertension and these variants of the *CYP2C19* gene, multiple logistic regression analysis was performed under parameters adjusted for age and gender. Consequently, the *CYP2C19^\*^2* defective allele appeared to lack of association with hypertension. However, in the case of *CYP2C19^\*^3*, the OR of 0.691 (95% CI, 0.512-0.932, *p*=0.016) under the dominant model (GA+AA/GG) was obtained proving that the *CYP2C19^\*^3* A allele carriers have a protective effect on the development of hypertension. Based on the variant allele of *CYP2C19^\*^3*, individuals can be classified as PMs (*CYP2C19^\*^2/^\*^2*, *^\*^2/^\*^3*, *^\*^3/^\*^3*) and EMs (*CYP2C19^\*^1/^\*^1*, *^\*^1/^\*^2*, *^\*^1/^\*^3*).[@B18] These results can be used as a reference to determine the adequate drug therapy on patients with different genotypes, when administering drugs of CYP2C19 substrate.

We have previously studied the association between *CYP2C19* gene variants and clopidogrel resistance in Korean patients with coronary artery disease,[@B33] and the result showed that the resistance to clopidogrel in subjects with the *CYP2C19^\*^3* A allele was 2.5-fold higher than that of subject who lacked this allele. This result proves that *CYP2C19* is a risk-predictive gene by suppressing the anticoagulation reaction. Therefore, it is recommended to switch to other drugs or use subsidiary drugs additionally. In a recent study on the association between *CYP2C19* variants and significant inflammation index related to the development of CVD done on Caucasians, it was shown the *CYP2C19^\*^2* defective allele has been shown to significantly increase the level of interleukin-6 and high sensitive C-reaction protein,[@B22] indicating that the *CYP2C19* gene is a major candidate gene for revealing the association study of development of CVD. Our present study suggests that the understanding of an association between *CYP2C19* gene variants and hypertension that exists in a certain population will aid in tailoring healthcare to other populations, and provide an important genetic database for future personalized and predictive medicine. Therefore, an extensive study on various *CYP2C19* gene variants, the occurrence of hypertension, and an association analysis of antihypertensive drugs with these results is warranted.

In conclusion, the case-control association study between the *CYP2C19^\*^2* and *^\*^3* variants and the development of hypertension was conducted in a relatively large number of Koreans for the first trial. The results showed that the frequency of *CYP2C19^\*^3* A allele which is uncommon in Caucasians, was found to be 10.5% in Koreans, showing a significant difference in frequency between hypertensive cases and normal controls. Furthermore, our results indicated that the *CYP2C19^\*^3* A allele was associated with EH in particular, and that this defective allele might be a protective effector against the development of hypertension. These results can clinically be used as a genetic reference in determining adequate drug therapy for hypertensive patients in the future.
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Baseline Clinical Characteristics of the Participants in Study Population
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SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; TG, triglyceride; TCHOL, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FPG, fasting plasma glucose.

Data values are means±standard deviation and numbers (%).

^\*^*p* value was estimated by Student\'s t-test.
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Distribution of Allele and Genotype Frequencies of the *CYP2C19^\*^2* and *^\*^3*
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^\*^Adjusted for age and sex.

###### 

Association between Essential Hypertension and Genotypes of *CYP2C19^\*^2* and *^\*^3* Polymorphisms
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OR, odds ratio; CI, confidence interval.

^\*^Adjusted for age and sex.
